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ABSTRACT

The relationships of four wild species of Petunia {Petunia spp. Juss.) and ten cultivars
of the cultivated petunia {P. xhybrida Hort.) were investigated using DNA Amplification

Fingerprinting (DAP). Amplification and separation of DNA products of petunia

produced reproducible banding profiles. Consistencies were found among profiles of the
variable Petunia taxa by bulking the tissue from ten different plants. Each of the ten

octamer primers selected for use throughout the study revealed polymorphic loci between

the species and cultivars. Among the total 201 bands produced, 146(73%) loci were
polymorphic and these could be used to distinguish between each of the species and
cultivars. Scoring for presence and absence of the amplified bands was used to generate

a phylogentic tree and to calculate the pairwise distances between each of the taxa using
parsimony (PAUP)analysis. The tree generated using DAP molecular markers was the
first study to separate P. axillaris from P. parodii and to distinguish between the violet
flowered species, P.inflata, P. violacea, and P. integrifolia. Petunia parodii was
included on the same branch with the ten cultivars of P. xhybrida, indicating it had a

major contribution in the development of the cultivars. Divisions within the branch of
cultivars were by color. The average genetic distance was 62 among species P. axillaris,

P. parodii, P. inflata, P. violacea and P. integrifolia and 44 among cultivars of P.
xhybrida. The results demonstrated the utility of DAP for establishing relationships
among closely related species and cultivars of petunia.
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CHAPTER 1

INTRODUCTION

Bedding plant production has been increasing faster than any other segment of
horticultural crops and sales are expected to reach $1.7 billion in 1994 (Behe and
Beckett, 1994). Petunia hybrids {Petunia xhybrida Hort.) have greatly contributed to this
increase with consistent yearly sales. Over one hundred unique colors and flower types

of annual hybrid petunias have been developed by various breeding programs around the
world. The newest types to be introduced on the market are heat-resistant perennials
with a spreading growth habit. Petunias have been previously utilized in borders,

planters, hanging baskets, and now as ground covers. Besides their importance to the
horticulture industry, the Petunia genus is also of interest for many genetic and

physiological studies (Schram et al., 1984; Maizonner, 1984; White and Rees, 1985;
Krol and Chua, 1993; Gibbs, 1976).

The Petunia genus consists of over thirty species (Sink, 1984), but the classification of

species within the genus has been inconsistent. Earlier literature suggested that the

hybrid petunias were the progeny of a cross between Petunia axillaris (Lam.)B.S.P. and
Petunia violacea Lindl. (Bailey, 1901; Ferguson and Ottley, 1932), but the conflicting

classification of other closely related species. Petunia inflata R. Fries, Petunia

integrifolia Hook and Petuniaparodii W.C.S. made the validity of this proposed ancestry

questionable (Sink, 1984). The identities based on morphological traits were subject to
variation because of environmental influences and the requirement of extensive
observations of the mature plants.

Taxonomic studies done in the past twenty years have used various biochemical markers

to answer questions regarding the true parentage of P. xhybrida. Protein banding

profiles and isoenzyme analysis have been used in petunia and several other floriculture
crops but distinguishing characteristics among species varied with developmental stage
of the plant, sample tissue, and environmental conditions that the plants were grown

(Natarella and Sink, 1975; Kuhns and Fretz, 1978; Messeguer and Arus, 1985). A
limited number of variations were detected between individuals and therefore these
methods had limited usefulness for determining parentage.

Deoxyribosenucleic acid (DNA) markers have been a more reliable method in which to
detect differences between taxa. The use of Restriction Fragment Length Polymorphisms

(RFLP) identified more informational traits between individuals than previous
chemotaxonomic methods but the time, expense, and use of radioactivity required, made
this method less desirable.

Newly developed methods for studying DNA are based on the polymerase chain reaction
(PGR)(Welsh and McClelland, 1990; Williams et al., 1990; Caetano-Anolles et al.,
1991). In these PGR based assays, a single synthesized dipodeoxyribonulceotide, called

a primer, of arbitrary nucleotide sequence directs the DNA polymerase to certain regions
of the DNA to initiate DNA synthesis. These regions are copied many times through a

temperature cycling process. When different primer sequences are used, different
regions of the genome DNA are amplified. Arbitrarily Primed-PGR (AP-PGR)(Welsh
and McGlelland, 1990), Randomly Amplified Polymorphic DNA (RAPD)(Williams et

al., 1990), and DNA Amplification Fingerprinting(DAP)(Gaetano-Anolles etal., 1991a)
are all PGR based techniques that differ in their length and concentration of primer,

temperatures used during the amplification process, and methods of staining and
development. These PGR based assays have been successfully used for the identification
of closely related species and cultivars, as well as for use in phylogenetic analysis (Welsh
et al., 1990; Marsolais et al., 1993; Torres et al., 1993; Weaver, 1993; Prabhu and
Gresshoff, 1994; Wu and Lin, 1994).

DAP uses primers at least five nucleotides in length. These primers produce a more
complex profile than RAPD or AP-PGR methods that typically use 10-mers (GaetanoAnolles et al., 1991b). The DNA products are separated using polyacrylamide gel

electrophoresis (PAGE) and differentiated as banding patterns by silver staining and
development (Bassam et al., 1991). DAP does not require the use of either ethidium
bromide or radioactivity to visualize products. The technique was developed by Drs. G.

Caetano-Anolles, B. Bassam, and P.M. Gresshoff at the University of Tennessee,
Knoxville, Tenn.

The objective of this research was to determine the genetic relationships between
cultivars of P. xhybrida and the five species thought to be involved in its hybridization:

P. axillaris, P. inflata, P. integrifolia, P. parodii, and P. violacea using DAF. Also of
interest was to optimize the DAF technique for petunia, determine effective primers, and

investigate the genetic variation within the Petunia genus for future breeding and genetic
studies.

CHAPTER 2

LITERATURE REVIEW

History of the Petunia Genus

Petunias {Petunia spp. Juss.) were first discovered by Commerson along the shores of
the La Plata River, Montevideo, Uruguay, about 1825 (Bailey, 1901; Ferguson and

Ottley, 1932). From dried specimens Jussieu, a French botanist, described and named
these original plants as Petunia nyctaginiflora Juss. and Petunia parviflora Juss. (Bailey,
1901). Jussieu described P. nyctaginiflora as having an upright growth habit and sessile
leaves with flowers that readily set seed. The white flower of this species had a long

corolla tube that was fragrant at night (Ferguson and Ottley, 1932; Mather, 1943).

Petunia parviflora was described as having a trailing growth habit and short petioled
leaves which are slightly succulent (Ferguson and Ottley, 1932). These were the first
species described in the Petunia genus.

Since the discovery of the first two species, over one hundred and seventy years ago, the

genus has grown and now includes about thirty species (Sink, 1984). The geographic
origin of species of Petunia is South America, specimens have been collected in

Argentina, Brazil, Bolivia, Paraguay and Uruguay and the major location of diversity is
Brazil (Natarella and Sink, 1974; Natarella and Sink, 1975; Sink, 1984; Bahadur et al.

1989; Shepherd et al., 1990; Krol and Chua, 1993). The species P. parodii was only
reported to occur in the Formosa province of Argentina (Sink, 1984).

The names of many of the Petunia species have gone through several changes due to

environmentally influenced variations in the individual plant morphology, further
complicated by the absence of accurate records of the material within the genus and poor
communication between taxonomists. For example, the white flowered species, P.

nyctaginiflora had already been described and named Nicotiana axillaris Lam. in 1793
from specimens also collected by Commerson on the north banks of the La Plata River.

Finally in 1888, the Petunia genus name was united with the species name, axillaris, and
it became known as P. axillaris (Lam) B.S.P., its current name (Ferguson and Ottley,

1932). In 1930, another white flowered species, P. parodii, was described as having a

strong resemblance to P. axillaris except for its longer corolla tube, smaller petals,
pointed lobes and deep purple veining of the throat (Sink, 1975).

Seeds from another Petunia species, originally named Salpiglossis integrifolia Hook.,
were sent from Buenos Aires, Argentina, by John Tweedy and first flowered in the

Glasgow Botanical Gardens, Glasgow, England in 1831 (Bailey, 1901). This small violet

flowered species was also referred to as Nierembergia Don or P. phoenicea Don until

Lindley classified it as P. violacea Lindl. (Bailey, 1901; Ferguson and Ottley, 1932),
its present name. The species P. integrifolia greatly resembled P. violacea and was
classified by some scientists and taxonomists as a synonym of the former (Mather, 1943).

The inconsistencies in the naming of the species generated several conflicting taxonomic

keys. In 1911, Fries created the first key to organize fifteen species of the Petunia
genus (Sink, 1984). In this, two violet flowered species P. violacea and P. inflata were
maintained as separate species. Lamprecht, however, combined P. violacea and P.

inflata as synonyms of P. axillaris in another taxonomic key based on morphological
characteristics (Natarella and Sink, 1974). In 1966, Smith and Downs completed the

most recent Petunia taxonomic study that included seventeen different species (Sink,

1984). In their key, P. violacea and P. inflata were categorized as synonyms of P.

integrifolia var. integrifolia based on the magnitude of variation observed in their
distinguishing characteristics (Natarella and Sink, 1975).

Hybridization of P. Xhybrida Hort.

The white flowered species, P. axillaris, was thought to represent one of the wild
ancestors of the hybrid petunia, but the correct name of the violet flowered ancestor was

uncertain. As early as 1834, P. violacea was thought to have hybridized with P.

nyctaginiflora (P. axillaris) (Bailey, 1901; Ferguson and Ottley, 1932). Ferguson and
Ottley (1932), thought that the violet flowered ancestor was named from seedlings of an
unknown origin growing in Scotland or England, not from seeds collected in South
America. Mather (1943) concluded that the hybrid garden petunia originated from the

hybridization of the white flowered species, P. axillaris, and the violet flowering species

p. violacea, but he classified P. violacea as a synonym of P. integrifolia.

Although literature on the parental origin of the hybrid petunia was inconclusive, the
brilliant colors and forms of hybrids that were developed from interspecific crosses have

been popular for many years. Two of the earliest hybrid petunias, P. vittata and P.
Nixenii, were first described in 1838 and 1844, respectively,(Bailey, 1901)and by 1892,
26 new varieties had been introduced (Bailey, 1901).

Small colored hybrid petunias in gardens were referred to as P. violacea (Ferguson and

Ottley, 1932). The true P. violacea, which rarely set a full crop of seed and was
difficult to continue in cultivation (Bailey, 1901; Ferguson and Ottley, 1932; Mather,

1943), was lost until more plant material was sent to Kew Gardens, London, England,
from Montevideo, Uruguay, by C.E.R. Holland (Ferguson and Ottley, 1932; Mather,
1943).

Petunia axillaris was brought back into cultivation by Ferguson at Wellesley College in
Massachusetts from seed collected in the La Plata River region by Professor L. R. Parodi

(Ferguson and Ottley, 1932; Mather, 1943). However, according to Stout, plants of P.

axillaris were self-incompatible and plants identified as P. axillaris by Ferguson and

Ottley (1932) and Mather (1943) were actually P. parodii (Sink, 1984). Ferguson and
Ottley (1932) and Mather (1943) found that after self pollination P. axillaris set an
abundance of seed.

8

All Petunia species freely intercrossed among themselves and with cultivars of P.
xhybrida, except the interspecific cross between P. parodii and P. inflata. Observations

by Sink et al. (1978) indicated that the lack of compatibility between these two species
using standard pollination techniques was due to limited pollen tube growth down the
style in reciprocal crosses between the self-compatible P. parodii and self-incompatible
P. inflata.

Significance of the Petunia

Petunia has been valuable for genetic, physiological, and biochemical studies since many

of its biochemical pathways are well known. The relatively short life cycle of plants in

this genus and low chromosome number, 14 for most species, made it easy to study
(Maizonnier, 1984). Large flowers have made it desirable for genetic and biochemical
research on floral pigmentation (Ferguson and Ottley, 1932; Schram et al., 1984) and
color inheritance (Wiering and de Vlaming, 1984; Koes et al., 1987). Established
methods of somatic hybridization by protoplast fusion allowed for hybrid crosses between

sexually incompatible Petunia species (White and Rees, 1985). Susceptibility to

Agrobacterium-modidXtd transformation allowed for observation of different gene
functions through transgenic technology (Krol and Chua, 1993).

Susceptibility to

different virus species made the Petunia species desirable for testing other plant extracts
for the presence of viruses (Gibbs, 1976).

Petunias appear in a wide range of colors from rose to blue to cream-yellow and bicolors
of red, pink or violet and white with single and double type flowering habits.
Traditionally, cultivars are grouped according to their flowering styles; grandifloras have

larger but fewer flowers, multifloras are very prolific but have smaller flowers, and
floribundas have the larger flowers and are more disease resistant. The most recent type

of petunia to appear on the market has a vigorous, trailing or spreading growth habit and

have proven to be heat resistant (Firth, 1994). Cultivars include the Surfmia"^ series by
Jackson and Perkins (Medford, Ore.), the Cascadia series introduced by Ball Seed (West

Chicago, 111.), the Supertunia™ series by EuroAmerican Propagators (Encinitas, Calif.),
and 'Purple Wave' introduced by PanAmerican (West Chicago, 111), which is the only
one of these everblooming perennials to be propagated by seed.

The wide range of colors and styles along with their low maintenance and full sun
requirement have consistently made petunias one of the most popular bedding plants
among producers and consumers. The Professional Plant Growers Association's 1993
Season Sales Report showed petunia comparable to marigold (Tagetes spp. L.) and
impatiens {Impatiens wallerana Hook) as the most popular bedding plants among
producers (Behe and Beckett, 1994). Petunia ranked third in percent of all bedding plant

crops sold in 1993 behind only impatiens and geraniums (Pelargonium xhortorum L.H.

Bailey). Grower receipts for bedding plants were $1.5 billion in 1993 and this sector of
the industry has increased faster than any other category of horticultural crops (Behe and
Beckett, 1994).
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Due to the importance of petunia, both in research and production value, various
chemotaxonomic studies have been conducted in the past twenty years to answer the

question of parentage, though without much success (Table 1). Further knowledge of
the phylogeny of P. xhybrida could aid breeding programs in the development of more
superior cultivars.

Chemotaxonomic Studies

One method for studying taxonomic relationships used thin layer chromatography(TLC)

analysis of phenolic extracts. Natarella and Sink (1974), studied the phenols of four
Petunia species (P. axillaris, P. inflata, P. parodii, and P. violacea), interspecific
hybrids, and fourteen cultivars to show taxonomic relationships within the Petunia genus
and to determine the ancestry of P. xhybrida. Uniform black and white negatives were
made of the chromatograms and phenol separation was scanned using a densitometer.

The printout was analyzed for number of peaks and OD of each peak. Using the
following three statistical estimates: the correlation coefficient, biochemical distance, and
matching coefficient, they concluded that P. axillaris X P. violacea were the original
parents of P. xhybrida. The correlation coefficient and biochemical distance were
calculated based on the percentage of each peak of the total peak OD for each separation.

The matching coefficient was only applied for a few particular comparisons and was
calculated based on the presence and absence of homologous bands. There were

significant correlations in the matching coefficients of the interspecific crosses of P.
11

Table 1. Past research on the parentage of P. xhybrida.
Chemotaxonomic

Proposed

method

parentage

Chromatography
of phenols

P. axillaris

Electrophoresis
of proteins and
peroxidases

P. axillaris

SEM study of

P. axillaris

seed microcharacters

P. inflata

RFLP

Not

Authors and date

Natarella and Sink, 1974

P. violacea

Natarella and Sink, 1975

P. inflata
Bahadur et al., 1989

Shepherd et al., 1990

distinguishable
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axillaris X P. parodii (0.72) and P. axillaris X P. violacea (0.86) with all the cultivars.
P. axillaris X P. violacea had the highest correlation coefficient (0.67) of all the

interspecific crosses. For example, the interspecific cross between P. axillaris X P.

inflata and the P. parodii X P. violacea cross showed only a .24 and .29 similarity with
the cultivars, respectively. The differing results of P. inflata and P. violacea in the
interspecific hybrids made the authors conclude that they should be classified as separate

species, but P. inflata and P. violacea showed identical banding patterns with a
correlation coefficient of .99. The research indicated that the possibility of P. inflata

being one of the parents was unlikely because when combined with any of the other

species, it showed low correlation coefficients with all the cultivars. Petunia axillaris
was highly correlated (0.64) with the cultivars.

Analysis of enzyme systems using PAGE have been utilized for cultivar identification and

phylogenetic studies of various floriculture crops including petunia (Natarella and Sink,
1975), carnation (Dianthus caryophyllus L.)(Kuhns and Fretz, 1978), and rose {flosa

xhybrida Juss.) (Messeguer and Arus, 1985).

Isozyme analysis of vegetatively

reproduced cultivars of carnation detected variation among cultivars with five of the ten
enzyme systems tested. Only seven of ten cultivars studied could be separated and lack
of variation limited the utilization of this method for identifying carnation cultivars
(Messeguer and Arus, 1985).
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Electrophoresis of total proteins and several active enzymes was used to distinguish
between eight cultivars of rose; six of which were closely related Hybrid Tea rose
cultivars (Kuhns and Fretz, 1978). Due to the differences in location of the enzyme and

growth habits of the cultivars, a uniform sampling position could not be set. Since
different enzyme systems are most active at different stages of development, the results

varied with sampling position. Even with the large morphological and taxonomic
differences among three of the cultivars, they were not distinguishable using total protein

staining. The authors suggested that use of total protein banding and active enzymes for
cultivar identification may not be specific enough to use by itself since several systems
were needed before all eight cultivars could be separated.

Relationships within the Petunia genus studied by Natarella and Sink (1975) using
electrophoretic analysis of total proteins and peroxidases had conflicting results. The
peroxidase profiles of all four species were highly correlated with most of the cultivars.
The average correlation coefficients of the species with the cultivars were P. axillaris r=
0.74, P. inflata r= 0.73, P. parodii r= 0.68 and P. violacea r= 0.52. These results

implied that all four species were involved in the origin of P. xhybrida. Based on protein
banding patterns, on the average, only P. inflata was significantly correlated with all the
cultivars. This implied that P. inflata played a major role in the development of P.

Xhybrida, but the prior study of the authors on phenols found P. violacea to be the more
likely parental species and indicated that either P. violacea and P. inflata have each made

genetic contributions to the ancestry of P. xhybrida or P. violacea and P. inflata are a
14

single species.

The conflicting results concluded from past research methods on the possible parentage

of P. xhybrida encouraged a study involving seed spermoderm characters. The seed
spermoderm characters of nine different Petunia species were studied using scanning
electron microscopy (SEM)for taxonomic purposes (Bahadur et al., 1989). Seeds of P.
axillaris and P. inflata both had similar sub-basal nipple like hilum and wavy thin walled

spermoderm with dense granules; these characters are shared by P. xhybrida. The seed
of P. nyctaginiflora showed similarities to P. axillaris based on the spermoderm
identification key, but the sparse granules separated it from the more dense granules of
P. axillaris. Due to differences in seed size, hilum position, and spermoderm walls, the

violet flowered species, P.integrifolia, P. inflata, and P. violacea, were all considered

separate species. The authors concluded that P. axillaris and P. inflata are the possible
parents of P. xhybrida.

Types of DNA Fingerprinting

DNA fingerprinting offered an alternative method for cultivar distinction and taxonomic
studies. The use of DNA fingerprinting had advantages for identification over other

assays such as isozyme or protein analysis because the DNA is the same in all tissue, it
can be detected in any age tissue, is not affected by environmental conditions and an
unlimited number of loci can be investigated (Beckmann and Soller, 1983).
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One method of DNA fingerprinting, known as RFLP, identifies polymorphisms in DNA

sequences by restriction endonuclease digestion and DNA blot hybridization. For
example, Hubbard et al. (1992) was able to characterize eight cultivars of rose using six
probe sequences. Disadvantages of the RFLP method included the need for a high

quantity and quality of DNA, the expense involved in the production and cost of finding
the precise data, and the use of radioactivity. Many times the probability of finding the
precise probe and endonuclease enzyme combination that can differentiate between
individuals is low.

Isolation of repeated DNA sequences to be used for phylogenetic and genomic studies

of petunia was conducted (Shepherd et al., 1990). Sequences were found that could
separate all species with 14 chromosomes from a species with 18, P. parviflora. Three
probes clearly distinguished the white flowering species(P. axillaris and P.parodii)from

the pink flowering species {P. inflata and P. violacea). The probe and restriction
enzyme combination which could distinguish the two white flowering species from each
other or the two pink flowering species from each other were not found, so the parental

species of petunia were not identified. Koes et al. (1987) investigated the relationship
between Petunia species and cultivars of P. xhybrida using chalcone synthase gene

probes. A high degree of variability in gene organization and copy number was found
so the parental species could not be identified.

16

The Polymerase Chain Reaction (PGR), which was introduced by the Cetus Corporation
(Emeryville, Calif.) in 1985, synthesized millions of copies of a specific region of DNA
(Saiki et al., 1988). The process involved the denaturing of DNA and annealing of two

oligonucleotide primers fifteen to twenty nucleotides in length to specific sites on one of
the two separated DNA template strands. A DNA polymerase then caused extension of
the primers on the template strand so that each 3' hydroxyl end is directed toward the
other (Erlich et al., 1991).

The introduction of a thermostable Taq DNA polymerase, isolated from the organism

Thermus aquaticus, eliminated the need for addition of enzyme after the denaturation step

of each cycle and automated the amplification reaction to be carried out by a thermal
cycling machine (Saiki et al., 1988). Polymorphisms based on the Polymerase Chain
Reaction required the knowledge of specific DNA sequence information; the time
involved in searching for this specific sequence was undesirable for many large projects
and limited in its application.

The development of polymorphic DNA markers based on the amplification of a single
primer of arbitrary nucleotide sequence has encouraged numerous opportunities for DNA

study (Welsh and McClelland, 1990; Williams et al., 1990; Caetano-Anolles et al.,
1991a). The single primer binds to the genomic DNA at two different sites on each
strand of the template DNA and initiates the amplification of distinct loci in the genome
(Caetano-Anolles et al., 1991b). Those primer sites that are an amplifiable distance away
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will synthesize the DNA through temperature cycling. Newly developed types of PGR
assays have been relatively inexpensive and fast, minimal equipment was needed, and a
lower quantity and quality of DNA was required than in RFLP studies. In addition, the
method of DNA extraction was not as stringent as that used for other such assays. In

identification of Buffalograss {Buchloe dactyloides Nutt.), Wu and Lin (1994)found that

DNA profiles were reproducible when three different extraction methods using either
fresh or dry leaf samples were used with as little as 5 mg of oven dried leaf tissue.

One such method, known as AP-PCR, was developed by Welsh and McClelland (1990).

It required a single oligonucleotide primer 20-34 nucleotides long and separation was by
polyacrylamide gel electrophoresis. One disadvantage was the use of radioactivity for
development of the gels. AP-PCR has been used in studies on six inbred parents of corn
(Zea mays L.) hybrids (Welsh et al, 1991).

The use of RAPD was introduced by Williams et al. (1990). The amplification reaction

was initiated by a single arbitrary primer at least nine nucleotides in length. An agarose

gel was used for separation of the DNA fragments and detection was by ethidium
bromide. RAPD markers were used to distinguish rose cultivars for possible patent

protection (Torres et al., 1993). The five cultivars of rose tested were distinguished
using eight primers, ten nucleotides in length. Marsolais et al. (1993) used RAPD
markers to evaluate relationships among species, hybrids, and cultivars of lilacs (Syringa

spp). Thirteen decamer primers distinguished among nine different lilac species and
18

clones evaluated. The technique was optimized for use in chrysanthemum (Dendranthema

grandiflora (Ramat.) Kitamura (Wolff et al., 1993). Experiments investigating the
combined influences of the amplification components and the temperature cycling showed

the interaction of primer, DNA template and annealing temperatures to have a major
influence on the quality of banding patterns of chrysanthemum. The authors suggested

optimizing the Mg"^"^ concentrations and annealing temperatures for each species and
primer concentration separately (Wolff et al., 1993).

Another PGR based assay, DNA Amplification Fingerprinting (DAP), was introduced

by Caetano-Anolles et al. (1991a). This technique used a primer at least five nucleotides
in length, a shorter primer than was used in either of the AP-PCR or RAPD approaches.

Separation was by polyacrylamide gel electrophoresis and the development of profiles
was with silver staining (Bassam et al., 1991). The arbitrary annealing of shorter

primers produced a profile with many more bands than the RAPD or AP-PCR methods
(Caetano-Anolles et al., 1991b). DAP was used to investigate the genetic relationships
between cultivars of centipedegrass [Eremochloa ophiuroides (Munro) Hack.](Weaver,

1993). The utility of amplified fragment length polymorphisms (APLP's) as heritable
genetic markers was demonstrated in a cross between the soybean species, Glycine max

(L.) Merr. and Glycine soja Sief. and Zucc. (Prabhu and Gresshoff, 1994). The hybrid
had a banding pattern that was a combination of the bands produced by both parents.
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Optimization

For reproducible results in PGR based techniques, each assay must be perfected for each
individual plant species by optimizing the various parameters necessary for the
amplification reaction. Magnesium chloride (MgClz) served as the co-factor for the
enzyme and its concentration was of particular importance when optimizing the DNA
profile since it interacts with the negatively charged template, primer, and nucleotides.
Studies done with centipedegrass found that quantitative binding of these negatively

charged molecules to Mg"^"^ caused a decrease in the free cation availability and the
reproducibility of the amplification reaction (Weaver, 1993).

Investigation of poplar (Populus spp. L.)clones using RAPD markers (Castiglione et al.,
1993) found that the number of priming sites increased with longer primers, an

appropriately low annealing temperature, and a high Mg"*"^ concentration. Levi et al.
(1993)optimized concentrations and conditions of the amplification reaction for blueberry
(Vaccinium, section Cyanococcus), strawberry (Fragaria xananassa Duch), cherry

(Prunus avium L.), peach (Prunus perisca L. Bastch.), apple (Malus domestica Borkh.)
and pear (Pyrus communis L.) so that production of reliable markers could be used for

genome mapping and chromosome tagging. The authors found that the combination of
buffer type, higher GC content of the primer, and conditions of 50 cycles: 30 sec at 94C,
70 sec at 48C and 120 sec at 72C produced the highest amount of consistent amplified

fragments. Using the optimized protocol, over 80 RAPD markers were used for
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mapping the blueberry genome (Levi et al., 1993). At optimum concentrations and
conditions, reproducibility between DNA preparations and amplification reactions were
found (Castiglione et al, 1993; Levi et al., 1993; Weaver, 1993).

Primer Screening

Once optimization of the parameters has been completed, selection of the most effective
primers for a particular species must be conducted since each primer sequence produces
unique banding profiles. The common bands between different cultivars or species
represented similarities between DNA sequences and close relationships between
individuals. Investigations using common bands as probes and then Southern analysis,

suggested that they were homologous sequences and notjust bands of similar size (Wilkie
etal., 1993).

Several to many unique primers are needed to generate information about the genome of
the individual, profiles produced from several different primers generate more

polymorphisms and give a higher level of certainty in the results (Yang and Quiros,
1993; Castiglione et al., 1993; Weaver, 1993). The number of primers required to

distinguish between individuals varied with the level of similarity within the genome.

Four primers (one 10-mer and three 20-mers), out of the eighteen tested, were selected
to show taxonomic relationships of thirty-two poplar clones (Castiglione et al., 1993).

The four primers produced 120 scorable bands (present or absent); 110 of these amplified
21

products were polymorphic.

Twenty-eight decamer primers were required for

classification and identification of twenty-one celery {Apium graveolens var. dulce L.)

cultivars (Yang and Quiros, 1993). The 309 bands generated by the 28 primers ranged
in size from 200- 3,800 nucleotide base pairs (bp); 213 of the amplified fragments were

monomorphic among all the cultivars. Fourteen octamer primers separated five closely
related centipedegrass cultivars (Weaver, 1993).

DNA Bulking

The number of individual plants needed to sample the genetic variation within a species
or cultivar varied with homogeneity of the cultivar and species. This variation was

estimated by calculating the presence/absence of bands from DNA bulks (i.e. combining
DNA samples) of varying numbers of individuals within that population. DNA bulks
which exhibited the same banding patterns as bulks with the equivalent number of

individuals or greater was the estimated number of individuals required to show the
variability within a sample of the population. Investigations on celery displayed
substantial levels of homogeneity; variations in profiles among individuals of the same
cultivars were consistent when 5, 10, 20, 30, 40, and 50 individuals were bulked (Yang
and Quiros, 1993).
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Phylogenetic Analysis

Polymorphisms detected by PGR based assays were inherited in a Mendelian fashion
(Welsh and McClelland 1990; Williams et al, 1990; Welsh et al, 1991). Parentage of
maize hybrids has been determined using AP-PCR (Welsh et al, 1991). Polymorphisms
generated by the DAF technique showed Mendelian inheritance in F1 and F2 soybean

progeny (Prabhu and Gresshoff, 1994). Since markers in the profiles are dominant,
DNA sequences of the same length were amplified from one individual but not the other,

polymorphisms detected in the banding patterns were scored as presence versus absence
in each of the parents (Welsh et al, 1991 and Williams et al., 1990). The computer

programs such as Phylogenetic Analysis Using Parsimony (PAUP), developed by D.L.
Swofford in 1990, was used to generate a phylogenetic tree based on the

presence/absence of the calculated bands in species such as celery (Yang and Quiros,
1993)and centipedegrass(Weaver, 1993). These PGR assays have proven to be valuable
tools for studying the identification and genetic relationships between individuals within

a genus(Welsh etal., 1991; Gastiglioneetal., 1993; Wilkieetal., 1993; Weaver, 1993;
Yang and Quiros, 1993).
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CHAPTER 3

MATERIALS AND METHODS

Plant Material

The Petunia species used in this research were P. axillaris, P. inflata, P. integrifolia, P.

parodii, and P. violacea. The following ten cultivars of P. xhybrida were also
investigated: 'Mercury', an older cultivar, and nine more recently developed cultivars,
'Celebrity Chiffon', 'Coral Flash', 'Pale Face', 'Plum Crazy Madness', 'Prime Time
Rose', 'Prime Time White', 'Purple Wave', 'Ultra Pink' and 'Ultra White'.

Seeds of the Petunia species and cultivars of P. xhybrida were sown periodically over

a two year period in row tray seedling flats (Sandusky Plastics, Sandusky, Ohio)
containing commercial soilless germination medium (Fafard, Conrad Fafard, Inc.,

Springfield, Mass.). The seeds were left uncovered and placed under intermittent mist
with 24C bottom heat in a propagation greenhouse maintained at 24/18C (venting/night

temperature set points) until the first true leaf stage. Germination took ten to twelve
days; this varied among species and cultivars.

Seedlings were transplanted into 606 cell packs(Sandusky Plastics, Sandusky, Ohio)after
the first true leaves had developed and finally to 0.4-liter plastic pots containing
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commercial soilless medium (ProMix BX, Premier Brands, Inc., New Rochelle, N.Y.).

Plants were grown and maintained in a 24/18C (venting/night temperature set points)
glass greenhouse. Fertilizer was applied at each irrigation using 20N-4.4P-16.6K with
N at 200 mg liter'. Stock plants of the Petunia species and cultivars were labeled with
names, numbered, and then maintained in the research greenhouse for close observation

of morphological characteristics and easy access to plant tissue for DNA extractions.

Sources of Petunia Seed

Seed of the Petunia species and cultivars were obtained from several different researchers

and petunia breeders. The sources and taxa of donated seeds are listed in Table 2.
DNA Extraction

Small (1.5-2.0 cm in length), newly developed petunia leaves were collected for use in

the DNA extraction procedure. Uniform samples were taken early in the morning to

prevent water stress and when the amount of polysaccharides present in the tissue was
reduced. The leaf samples were placed into pre-labelled aluminum foil which was folded

into envelopes and immediately immersed into liquid nitrogen. The samples were taken
directly to the lab and stored in a -80C freezer after collection.
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Table 2. Petunia species and cultivars of P. xhybrida, identification code, source, the
year each entry was obtained and flower color.

Species Species/
code

cultivars

PAl

P. axillaris

Year

Source

Flower

obtained color

Univ. of Nottingham'

1991

PA2

PanAmerican Seed Co.^

1993

PA3

USDA Natl. Seed

1993

white

Storage Lab^
PA4

Free Univ."

1994

PAS

Univ. of Georgia^

1993

Univ. of Nottingham

1991

PN2

PanAmerican Seed Co.

1993

PN3

Free Univ.

PNl

PTl
PT2
PPl

P. inflata

violet

1994

P. integrifolia: USDA Natl. Seed
Storage Lab
Univ. of Georgia
Univ. of Nottingham
P. parodii

1993

violet

1993
1991

PP2

PanAmerican Seed Co.

1993

PP3

USDA Natl. Seed

1993

white with
dark veins

Storage Lab

Michigan State Univ.®

1994

Univ. of Georgia
Univ. of Nottingham

1993

PV2

PanAmerican Seed Co.

1993

PV3

Free Univ.

1994

Michigan State Univ.

1994

PP4
PP5

PVl

P. violacea

PV4

1991

violet

PHI

P. xhybrida Bodger Seed Co.'

1993

light pink

PH2

'Celebrity Chiffon'
P. xhybrida Sluis and Groot®

1993

coral

'Coral Flash'
PH3

P. xhybrida
'Mercury'

PanAmerican Seed Co.

1994

blue

PH4

P. xhybrida

PanAmerican Seed Co.

1994

pink

1993

light violet with

'Pale Face'

PH6

P. xhybrida Ball Seed Co."
'Plum Crazy Madness'
P. xhybrida Goldsmith Seed Co.'°

PH5

darker veins
1993

rose-pink

PH7

'Prime Time Rose'
P. xhybrida Goldsmith Seed Co.

1993

white

PH8

'Prime Time White'
P. xhybrida PanAmerican Seed Co.

1994

violet

'Purple Wave'
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Table 2 (continued)

Species Species/

code

cultivars

Source

Year

Flower

1993

pink

1993

white

obtained color

PH9 P. xhybrida Goldsmith Seed Co.
'Ultra Pink

PHO P. xhybrida Goldsmith Seed Co.
'Ultra White'

'Dr. John Power, Univ. of Nottingham, Univ. Park, Nottingham NG7 2RD, United Kingdom.
^PanAmerican Seed Company, P.O. Box 438, West Chicago, IL 60119.
'USDA Seed Storage Laboratory, Ft. Collins, CO. 80523.

"Dr. Ronald Koes, Dept. of Applied Genetics, Free Univ.,De Boelelaan 1087,
HV Amsterdam, Netherlands.

^Ms. Kim Ekrahl, Petunia Breeding Program, Univ. of Georgia, Athens, GA 30602
'Dr. Ken Sink, Jr., Dept. of Horticulmre, Michigan State Univ., East Lansing, MI 48824.
'Bodger Seed Company, P.O. Box 5090, El Monte CA 91734
^Sluis and Groot Seed Company, 5680 Greenwood Plaza, Endlewood, CA 80111
'Ball Seed Company, P.O. Box 355, West Chicago, IL 60185
10,
'Goldsmith Seed Company, P.O. Box 1349, Gilroy, CA 95021
7
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Initially, extractions were performed using the method by Dellaporta et al. (1983) as
modified by Sayavedra-Soto et al. (1994). Samples of leaf tissue (0.5 g) were kept
frozen with liquid nitrogen and ground to a fine powder with prechilled mortars and

pestles. While the tissue was still frozen, 0.25 g of polyvinylpolypirrolidone(PVPP)and
15 ml of TE extraction buffer (100 mM Tris pH 8, 50 mM EDTA pH 8, 500 mM NaCl,

10 mM mercaptoethanol) were added to the mortars. The buffer and samples were
frozen for approximately 20 min.

The samples were poured through funnels into pre-labelled 50 ml Oak Ridge centrifuge
tubes after they were completely thawed. Next, 1 ml of 20% sodium dodecylsulfate
(SDS) was added, the tubes inverted several times, and then placed in a 65C water bath
for 20 min. Following incubation, 5 ml of 5 M potassium acetate was added. The
tubes were gently inverted and incubated at -20C for 20 min.

After incubation, tubes were centrifuged at 18,000x g (Model lEC B-20A Centrifuge,

International Equipment Co., Needham Heights, Mass.) for 20 min at 4C. The

supernatant was poured through a pre-pleated 15 cm filter (Baxter Scientific Products,
McGraw Park, 111.) into a clean 50 ml Oak Ridge tube containing 10 ml of -70C

isopropanol. The tubes were inverted to thoroughly mix the phases and then incubated
at -20C for 30 min.
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Following incubation the tubes were centrifuged at 16,0{X)x g for a minimum of 20 min
and the supernatant poured off. Pellets were air dried by inverting the tubes in a

centrifuge rack and then on a paper towel. After the pellet was dried to a moist gelatin
texture, it was redissolved in 0.7 ml of buffer (10 mM Tris HCl, 1 mM NajEDTA pH

8). The tubes were heated in a 65C water bath for 10-15 min and finally incubated
overnight at 4C to help dissolve the pellet.

The next morning the samples were put back into a 65C water bath for 5-10 min so that

the pellet was completely dissolved and all the contents were transferred into a 1.5 ml

Eppendorf tube. The tubes were centrifuged in a lab top microcentrifuge (Medifuge
Biofuge 13, Baxter Scietific Products, McGraw Park, 111.) at 14,000x g for 10 min to
remove any insoluble debris.

The supernatant was transferred to a new 1.5 ml Eppendorf tube and 75 /xl of 3 M
sodium acetate (pH 7) and 500 /xl of -70C isopropanol were added. The contents of the
tubes were mbced vigorously. After a 2 h incubation at -20C the samples were

centrifuged at 14,000x g for 20 min at 4C to form a pellet at the bottom. The
isopropanol was poured off and the pellet cleaned with two -20C 70% ethanol washes.

The pellet was dried in a preheated speed vac (Model RC 10.10, Jouan, Inc., Cedar,
France) until the alcohol had evaporated from around the pellet. The pellet was
dissolved in 100 /xl of sterile deionized HjO and stored overnight before determining the
DNA content.
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Due to the time and equipment involved in performing this isolation (about two days) a
faster extraction method was adopted for subsequent extractions. The method by Yoon

et al. (1991) with modifications by R.N. Trigiano (personal communication) required
only about 5 h to complete.

A 100 mg sample of leaf tissue was ground in liquid nitrogen using prechilled mortars

and pestles. While the leaves were mechanically ground, addition of 0.1 g of PVPP and
1 ml extraction buffer [(50 mM Tris-HCl, pH 7.2),(50 mM EDTA, pH 7.2), and 3%

SDS](Yoon et al., 1991) were added to solubilize the DNA. The tissue was allowed to
thaw and 300 fil of suspension was pipetted into 1.5 ml Eppendorf tubes, followed by
immersion in a 65C water bath for 1 hr. The tubes were inverted several times during
the hour.

Tubes were filled to the top with chloroform and inverted to mix the phases. The tubes

were centrifuged in a lab top centrifuge at 14,000x g for 15 min. The clear top phase
of mixture was transferred to new 1.5 ml Eppendorf tubes and 35 ^1 of cold 3 M sodium

acetate was added for every 200 /xl of the supernatant to precipitate the carbohydrates
present in the solution.

Samples were again inverted several times and centrifuged at 14,000x g for 5 min. The
supernatant was transferred to a new 1.5 ml Eppendorf tube. Addition of -20C ethanol
and a 30 min incubation period at -20C allowed the DNA to precipitate.
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Following incubation, the tubes were centrifuged at 14,000x g for 10 min and the
supernatant discarded. The pellet was rinsed with cold 70% ethanol and resuspended in
100 n\ TE buffer (10 mM Tris-HCl and 0.1 mM EDTA pH 7.2). A 65C water bath was
used to ensure dissolving of the pellet.

One hundred mg of cesium chloride (CsCl) was added to each tube, the contents were

shaken gently to thoroughly mix the CsCl, and then centrifuged at 14,000x g for 5-10
min. The supernatant was transferred to a new 1.5 ml Eppendorf tube and the pellet
discarded. Three hundred ^1 of TE buffer and 1 ml of -20C absolute ethanol were added

to the supernatant. The tubes were kept in the freezer at -20C for a minimum of 30 min.

Samples were centrifuged for 15 min at 14,000x g. The supernatant was poured off and
the pellet rinsed with cold 70% ethanol. The pellet was dried using a preheated speed
vacuum until the ethanol had evaporated. It was redissolved in 35 fi\ of deionized HjO,
heated in a 65C water bath to ensure dissolving of the pellet and placed in the
refrigerator overnight.

DNA Quantification

The amount of DNA extracted in each Eppendorf tube was quantified using a

Fluorometer (Model TKO 100, Hoefer Scientific Instruments, San Francisco, Calif.) A

dye solution was made of 100 ml of IX TNE buffer [100 mM Tris,(1 M NaCl, pH 7.4)
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and 10 mM EDTA] mixed with 1 ng//il of Hoechst 33258 dye (Hoefer Scientific
Instruments, San Francisco, Calif). A 2 /il sample of standard DNA from calf thymus

was added to 2 ml of the dye solution to standardize the fluorometer. A 2 ^1 portion of
each of the isolated petunia DNA samples was added to the dye solution in the same

way. Readings ranged from 100 to 500 ng/jul for the modified method of Dellaporta et
al. (1983) and 10 to 100 ng//xl for the extraction method by Yoon et al. (1991)
DNA samples were diluted to 0.5 to 10 ng//xl with sterile deionized HjO.

DNA Amplification

Amplification was done according to the DNA Amplification Fingerprinting (DAF)
technique developed by Caetano-Anolles et al. (1991a). Components of the reaction
mixture had a final volume of 10 /xl; 5 /xl deionized H2O, 1 /il deoxyribonucleosides(200

nM of each dNTP), 0.6 ^1 MgClj (25 mM stock), 1 fil primer (30 /jlU stock), 1 /xl
reaction buffer [10 mM Tris, 10 mM KCl(pH 8.3)], 1 /xl DNA template, 0.4 /xl DNA

polymerase (10 units//xl) Ampli-ra^ Stoffel Fragment (Perkin-Elmer/Cetus, Norwalk,
Conn.).

A master mix containing the appropriate concentrations and quantity of HjO, nucleotides,

MgClj, primer, reaction buffer, and enzyme to be allocated to a pre-determined number
of tubes was made in a 1.7 ml Eppendorf tube. The tube was vortexed to ensure that all

components were mixed thoroughly and then centrifuged so contents of the tube collected
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at the bottom. A9 fA portion of the master mix was pipetted into the desired number
of 0.65 ml Eppendorf tubes and finally 1 ng/fil of the appropriate DNA template was
added.

One drop of mineral oil was placed on the top of each 0.65 ml Eppendorf tube containing
the reaction mixture and one to two drops were put into each well of a thermocycler

(Twin Block System, Ericomp, San Diego, Calif.) The tubes of the amplification
reaction were firmly pushed into the wells so the extra oil surrounding the tubes coated
them and served to conduct heat.

The DNA was amplified using a 35 cycle program. Each cycle consisted of 10 seconds
at 96C and 10 seconds at 30C. The 35 cycle program took about 3 h. The DNA was

retrieved from under the oil with a pipette and put into a fresh sterile 0.65 ml Eppendorf

tube. The amplified DNA was diluted as needed, usually 1:1, with autoclaved deionized
HjO.

DNA Separation

Separation of the DNA fragments was done by PAGE using the Mini-PROTEAN II

apparatus (Bio-Rad Laboratories, Hercules, Calif.) A sandwich clamp assembly was
fitted into each side of the casting stand so the gels could be poured.
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The gel was made of 4.2-4.3 g urea, 2 ml TBE buffer stock [5X stock: 1 M Tris-HCl,
(121.1 g/liter Trizma Base), 0.83 M boric acid (51.35 g/liter), 10 mM NajEDTA HjO
(3.72 g/liter)], and 1.2 ml of a 38% acrylamide and 2% piperazine diacrylamide mixture.
This solution was brought to a final volume of 10 ml with deionized HjO.

The solution stirred until the urea completely dissolved and when the gel mixture was

clear, 150 nl of 10% ammonium persulfate solution and 15 n\ of N,N,N\N'Tetramethylethylenediamine(TEMED) were added to cause polymerization. The entire
mixture was injected into the casting stand apparatus by a 10 ml syringe. A 0.45 fim

pore size membrane filter (Gelman Sciences, Ann Arbor, Mich.) was attached to the

syringe to remove any particulate matter from the mbcture. Teflon combs were placed
between the small plate and the 0.2 mm thick Gel Bond PAG Film (PCM BioProducts,
Rockland, Maine).

After 20-30 min, the acrylamide had polymerized. The gel assemblies were mounted on

the electrode core and placed into the buffer tank. The buffer tank was filled with a IX
TBE buffer and the combs removed. The wells formed by the combs were cleaned with

a stream of TBE buffer using a 1 ml syringe. The gels were pre-run at 110-120 V for
10-15 min.

During the pre-run, 3[A of amplified DNA products and 3 /tl of a blue loading dye (6

g of urea, 4 mg of xylene cyanol EE, in 5 ml of deionized HjO) were mixed in a titer
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plate. After prerunning, the wells of the gel were cleaned with the syringe filled with
buffer. Wells were loaded with the amplified DNA products and loading dye mixture.

Electrophoresis was completed at 110-120 V for about 1 1/2 h until the dye front reached
the level of the electrode. Gel assemblies were removed from the electrode core and the

backing film and gels were separated from the glass plates under running HjO for
staining and developing.

Staining and Developing

Silver staining was done according to the method developed by Bassam et al. (1991).
The backing film and gel were placed in 7.5% acetic acid for 10 min, followed by
washing three times for 2 min each with deionized HjO. Then each gel was stained with
about 100 ml of a silver nitrate solution (1 g/liter AgNOs and 1.5 ml/liter 38% HCOH)
for 20 min to 1 h.

The gels were rinsed quickly with deionized HjO and then covered with about 100 ml
of a sodium carbonate developing solution (30 g/liter Na2C03, 3 ml/liter 38% HCOH,
and 2 mg/liter NajSjOj H2O) at 6-8C. When the desired image was achieved (about 5

min) the development process was stopped with cold (OC)7.5% acetic acid. After 5 min
the acetic acid was poured off and the gels were allowed to soak in deionized HjO for
5-10 min. The gels were hung to dry overnight in the lab.
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Optimization of DAT for Petunia species

The DAF amplification reaction was optimized for reproducible banding profiles for
Petunia species. The following three parameters of the amplification mixture were

varied: DNA template concentrations (0, lO"®, 10'^, lO"*, 10'^, 10'^, 10"\ 10"®, 10 ng/jul),
concentrations of MgClj(0, 1, 2, 3, 4, 6, 7, 8, 9, 10 mM)and the primer concentrations

(0, 0.3, 3, 6, 30, 60 /xM). Petunia parodii and the primer 8.61 (GT TAG GCC) were
used for the optimization experiments.

Once optimum amplification parameters were determined, the reproducibility of banding

profiles of three separate DNA isolations of the same leaf tissue were performed on P.
inflata using primer 8.6M (GT AAC GGC). Experiments for reproducibility of banding
patterns among three separate amplifications from the same extraction tube were
conducted for P. axillaris, P. inflata, P. parodii, and P. violacea.

Primer Screen

Twenty-five heptamer and octamer primers were used for the amplification of P. inflata
and P. violacea DNA templates. The primer sequences are listed in Table 3. Primers

showing reproducible bands throughout the entire profile were chosen for further use in
the research.
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Table 3. Primer names and sequences screened for further use in
petunia research.
Primer Code

Sequence
(5'to 3')

7.7A

7.7C
8.5A
8.6A
8.6B
8.6C
8.6D
8.6E
8.6F
8.6G
8.6H
8.61
8.6J
8.6K
8.6L
8.6M
8.6N
8.7A
8.7D
8.7E
8.7F
8.7H
8.71
8.7M
8.9A

C GAG CTG
C CAG CTG
GA GCC TGT
GA GCC TGT
CC TGT GAG
AA CGG GTG
GT AAC GCC
GA CGT AGG

GA TCG CAG
CT AAC GCC
GA AAC GCC
GT TAG GCC
GT ATC GCC
GT AAG GCC
GT AAC CCC
GT AAC GGC
GT AAC GCG
AA TGC AGC
CC GAG CTG
CC TGG TGG
CG TGG TGG
CC TCC TGG
CC TGC TGG
CA GCT CGG
CG CGG CCA
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Evaluation of Genetic Variability

Since petunias are propagated by seed, individuals from the same seed source and several
different seed sources were used to check for the genetic variation occurring within each

species. Plants from the same seed source of P. axillaris (PAl), P. inflata (PNl, PN2,
and PN3), P. parodii (PPl), P. violacea (PVl and PV2), P. integrifolia (PTl) and P.

xhybrida 'Mercury'(PH3)(See Table 2) were evaluated for any variation between DNA
banding patterns.

Seedlings were checked for variation among different sources. Fingerprints of different

seedlings from different seed sources were compared for five of the species; P. axillaris
(PAl, PA2, and PAS), P. inflata (PNl, PN2, and PN3), P. parodii (PPl, PP2, and
PP3), P. violacea(PVl and PV2)and P. integrifolia(PTl and PT2). This was repeated
using the primers 8.6J, 8.6H, and 8.6M.

DNA Bulking

Since individuals from different sources produced varying fingerprints, DNA was pooled

from different plants as a strategy to avoid plant to plant variation. Plants of P. inflata
were numbered from 1-20: seedlings 1-6 were from the England source (PNl), seedlings
7-12 from PanAmerican Seed Co.(PN2) and plants 13-20 from Sweden (PN3). Using
a random table of numbers (Snedecor and Cochran, 1967), the first five numbers to
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appear which matched the number of a seedling were used in the first bulk. This
procedure was continued until four bulks with five different individuals in each had been
randomly chosen. The combination of three sources of petunia seed which comprised
the four different five plant bulks are listed in Table 4. Bulking the ten individuals was

accomplished by combining two randomly selected five plant bulks. The first ten plant
bulk was a combination of bulks 1 and 2 and the other was a combination of bulks 3 and
4.

DNA was extracted from twenty different plants of P. inflata and each tube of template
diluted to 10 ng//il. Equal quantities of the diluted DNA from five, ten, or twenty

different seedlings were mixed together. These extraction bulks of individuals were

amplified using 1 ng//il of template and the 8.6J primer. It was postulated that the pooled
DNA exhibiting the same banding profiles with the equivalent number of individuals or

greater would determine the quantity of individuals required to generate consistent
fingerprints.

This was tested by first amplifying diluted DNA (1 ng//xl) from each of the twenty

different seedlings and then bulking equal quantities of the amplified products from five,
ten, or twenty individuals. The amplified products were thoroughly mixed and 3.0 /xl
from each bulk was loaded in the gel and DNA fragments separated. Consistency

between profiles containing the same number of individuals were evaluated for estimating
the population's variability.
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Table 4. Bulking combinations of tissue from five and ten randomly chosen plants
of P. irtflata from three different sources.
Five plant Ten plant
bulk no.
bulk no.

1

Seed sources of P. inflata

Free Univ., Univ. of Nottingham, Univ. of Nottingham, Free
Univ., Free Univ.
1

2

PanAmerican Seed Co., PanAmerican Seed Co.,

3

PanAmerican Seed Co., Univ. of Nottingham, PanAmerican Seed
Co., Univ. of Nottingham, Univ. of Nottingham

Free Univ., PanAmerican Seed Co., Univ. of Nottingham

2

4

PanAmerican Seed Co., Free Univ., PanAmerican Seed Co., Free
Univ., Free Univ.
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The final check was to first collect and pool together one 2 cm leaf tissue from each of

five, ten, and twenty individuals. The bulked plant tissue was extracted and amplified

using the primer 8.6J. The banding patterns of the pooled plant tissue were checked for
confirmation of the former two bulking procedures.

When the bulked extractions, amplifications, and leaf tissue showed identical banding

profiles, equal quantities of leaf tissue from the determined number of individuals of the
remaining Petunia taxa were bulked in the greenhouse and then extracted for further

phylogenetic analysis. Bulked leaf tissue followed by amplification and separation were
done in replicate for each of these remaining species and cultivars.

Phylogenetic Analysis

Fingerprints of the bulked leaf tissue from ten plants of each of the fifteen Petunia taxa
were evaluated by running each taxa side by side on two gels (7 on one, 8 on another)

using 10 pre-screened octamer primers. The gels were visually scored as presence (1)
or absence (0) of individual bands for each of the primers used. Ambiguous bands were
entered into the data set as a question mark (?). This data was analyzed by the

Phylogentic Analysis Using Parsimony (PAUP, version 3.0) computer program
developed by D.L. Swofford.
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Parsimony analysis was performed using the computer program PAUP to generate a

phylogenetic tree and pairwise marker difference matrix of the studied taxa. A simple
unrooted tree was generated using the bootstrap method with a heuristic algorithm search.

The pairwise distance determined the genetic marker distance between taxa based on the
number of markers which were different between each pair of taxa.
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CHAPTER 4
RESULTS

Optimization
In order to obtain reproducible fingerprints, the amplification reaction was optimized by

varying the concentration of three of its components. The three components thought to
be most influential upon the reaction were DNA template, MgClj, and the primer.
Concentrations of the other components used in this study were chosen from the literature

(Caetano-Anolles et al., 1991a). Petuniaparodii and the primer 8.61 were used for the
optimization experiments.

When the concentration of DNA template was varied between 0 and 10 ng//xl, optimum

banding conditions were found to be 1.0 nglpX of reaction mixture. Concentrations

greater than this produced lanes which appeared black and were not distinguishable.
When concentrations of template lower then 1.0 ng//il were used, banding was faint,
difficult to visualize and some bands were absent.

When varying concentrations of MgCl2 were used (0- 10 mM), a 1.5 mM concentration

produced the most distinguishable banding patterns throughout the profile.
Concentrations above 1.5 mM generated patterns in which many of the lower base pair
bands were not visible or possibly did not amplify.
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Primer concentrations of 3.0 and 6.0

produced the most consistent and visible

banding profiles of those tested (Fig. 1). Bands were faint and, in some cases, absent
when 0.3 fiM was used. Concentrations of 30

and 60 fxM generated shaded banding

patterns which were difficult to differentiate. The 3.0 /iM concentration was chosen for
use instead of 6.0

to conserve primer without sacrificing clarity.

The optimum concentrations of the components of the amplification reaction which
produced clear and consistent banding patterns were chosen for use throughout the study
(Table 5). These conditions gave reproducible banding profiles between three separate
extractions of leaf tissue from the same plant of P. inflata (Fig. 2). Separate

amplifications from the same extraction of P. axillaris, P. inflata, P. parodii, and P.
violacea also gave consistent results.

Primer Screening

Petunia inflata and P. violacea were each amplified using twenty-five different octamer

and heptamer primers (See Table 3). The ten primers which generated the most
consistent and clear bands were chosen for use in further experiments as well as the final

phylogenetic analysis. The ten most effective primers for the Petunia species were
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Fig. 1. DAF profiles showing the effect of primer concentrations
(0-60 /iM) on P. parodii using the primer 8.61(GT TAG GCC).
(From left to right- 0, 0.3, 3, 6, 30, and 60 /xM concentration).
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Table 5. Optimum concentrations of components in the
amplification reaction mixture (10 /il) for Petunia taxa.
Component

Optimum concn

Reaction buffer'

IX

dNTP

200 /xM of each

MgClj

1.5 mM

Enzyme

4.0 units

Primer

3.0 /xM

Template

1.0 ng

'See Materials and Methods section for content of buffer.
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Fig. 2. Reproducibility of DAF profiles between three different

extractions from the same plant of P. inflata using the primer
8.6M (GT AAC GGC).
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8.6A, 8.6D, 8.6F, 8.6H, 8.61, 8.6J, 8.6M, 8.7A, 8.7D and 8.9A. The amount of

polymorphisms found between banding patterns of the species and cultivars varied with
the primers. The primer 8.6M was one of the more effective in producing polymorphic
profiles among the species (Fig. 3).

Evaluation of Genetic VariabOity

DAF profiles of three separate plants of P. axillaris from the same seed source (PAl)
were identical using the primer 8.6M. When the DAF profiles of seedlings from three
different sources(PAl, PA2, and PAS) were compared using the primers 8.6M and 8.6J

(Fig. 4)consistent results were found. However, some differences were generated in the
banding patterns between 100 and 200 bp with the primer 8.6H (Fig. 5).

DAF profiles of three different seedlings of P. parodii from the same seed source (PPl)
were consistent. Banding patterns of plants from different sources of P. parodii (PPl,

PP2, and PP3)generated by three different octomer primers, 8.6M, 8.6J, and 8.6H (Fig.
6), were also the same.

The fingerprints of P. inflata were polymorphic between seedlings from the PNl source

using primer 8.6J. Seedlings one, five and six contained a double band at 400 bp which
was not in plants two, three and four and seedling four contained a strong double band
not present in the other five plants (Fig. 7). Plants within the PN2 source showed some
48
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Fig. 3. Polymorphic DAP profiles of the four species (lane 1P. axillaris (PAl), lane 2- P. inflata (PNl), lane 3- P.

parodii (PPl), lane 4- P. violacea (PVl)) and two cultivars of
P. xhybrida using the primer 8.6M (GT AAC GGC). Arrow indicates
polymorphism.
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Fig. 4. Monomorphic DAP profiles of P. axillaris seedlings
from Univ. of Nottingham (PAl) (lanes 1 and 2), Univ. of
Georgia (PAS) (lanes 3 and 4), and PanAmerican Seed Co.
(PA2) (lanes 5 and 6) using the primer 8.6J (GT ATC GCC).
Adjacent lanes are duplicate runs of the same extracted
and amplified plant tissue.
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Fig. 5. Polymorphic DAF profiles of P. axillaris seedlings
from the Univ. of Nottingham (PAl)(lanes 1 and 2), Univ.
of Georgia (PAS)(lanes 3 and 4) and PanAmerican Seed Co.
(PA2)(lanes 5 and 6) using the primer 8.6H(GA AAC GCC).
Arrow indicates polymorphism. Adjacent lanes are duplicate
runs of the same extracted and amplified plant tissue.
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Fig. 6. Consistent DAP profiles of P. parodii seedlings
from the Univ. of Nottingham (PPl)(l^iies 1 and 2),

PanAmerican Seed Co.(PP2)(lanes 3 and 4), and USDA

Seed Storage Lab (PP3)(lanes 5 and 6) using the primer
8.6H (GA AAC GCC). Adjacent lanes are duplicate runs of
the same extracted and amplified plant tissue.
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Fig. 7. Polymorphic DAF profiles of P. inflata seedlings from
the Univ. of Nottingham (PNl) (lanes 1-6), PanAmerican Seed
Co. (PN2) (lanes 7-12), and the Free Univ. (PN3) (lanes IB
IS) using the primer 8.6J (GT ATC GCC). Arrow indicates
polymorphism.
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differences in banding. Seedling number twelve lacked a double band at 400 bp (Fig.
7). Individuals within the PN3 source were consistent. Most of these

polymorphisms within the sources produced by the 8.6J primer were located between 300
and 400 bp (Fig. 7). Using the primer 8.6M, 8.6H, and 8.6J (Fig. 8), profiles of the
seedlings from three different sources (PNl, PN2, and PN3) were also polymorphic.

Variations were seen in the profiles of the P. violacea seedlings within the PVl and PV2
sources. Polymorphisms within the PV2 source produced by the 8.6J primer were

located around the 300 bp (Fig. 9). DAF profiles were variable between plants from the
sources PVl and PV2 with the primers 8.6J, 8.6H, and 8.6M.

Polymorphic bands were found in the seedlings within the P. integrifolia sources PTl and
PT2. Within the PTl source, the primer 8.6M generated a profile which contained a

strong band below 200 bp for plant number one which was not present in the other two

plants from the same source (Fig. 10). Banding patterns between sources PTl and PT2
were also variable.

P. Xhybrida 'Mercury' was checked for variation within its population. Polymorphisms
were found between the plants using the primer 8.6M (Fig. 11) and 8.6J.

In summary (see Table 6), DAF profiles of P. parodii did not show variation within or

among seed sources. Fingerprints of P. axillaris were also consistent within the same
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Fig. 8. Polymorphic DAP profiles of P. inflata seedlings from
the Univ. of Nottingham (PNl) (lanes 1 and 2), PanAmerican
Seed Co. (PN2) (lanes 3 and 4), and Free Univ. (PN3) (lanes
5 and 6) using the primer 8.6J (GT ATC GCC). Arrow indicates
polymorphism. Adjacent lanes are duplicate runs of the same
extracted and amplified plant tissue.
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Fig. 9. Polymorphic DAF profiles of P. violacea seedlings from
PanAmerican Seed Co. (PV2) using the primer 8.6J (GT ATC GCC).
Arrow indicates polymorphism. Adjacent lanes are duplicate
runs of the same extracted and amplified plant tissue.
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Fig. 10. Polymorphic DAF profiles of P. integrifolia seedlings
from the USDA Seed Storage Lab (PTl) using the primer 8.6M
(GT AAC GGC). Arrow indicates polymorphism. Adjacent lanes
are duplicate runs of the same extracted and amplified plant
tissue.
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Fig. 11. Polymorphic DAP profiles of the P. 'Khybrida cultivar
'Mercury' from the PanAmerican Seed Co. (PH3) using the
primer 8.6M (GT AAC GGC). Arrow indicates polymorphism.
Adjacent lanes are duplicate runs of the same extracted
and amplified plant tissue.
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Table 6. Petunia taxa and primers generating differences within and between
seed sources.
Taxon

Source

Differences

Primer

within sources
P. axillaris

PAl, PA2, 8.6M
PAS

-

8.6J

PP1,PP2, 8.6M
PP3

P. inflata

+

P. violacea

-

-

8.6J

-

8.6H

-

PNl, PN2 8.6M
PN3

-

-

8.6H

P. parodii

between sources

8.6J

+

+

+ (PNl, PN2)

+

8.6H

+

PVl, PV2 8.6M

+

PV3

8.6J

+ (PVl, PV2)

+

8.6H

P. integrifolia

PTl, PT2 8.6M

P. xhybrida
'Mercury'

PH3

+

+ (PTl, PT2)

8.6M

+

8.6J

+

- = no variation between individuals
+ = variation between individuals

59

+

seed sources and between different sources using the primers 8.6M and 8.6J; the 8.6H

primer produced some variation between sources. Polymorphic profiles were generated
between seedlings of P. inflata, P. violacea, and P. integrifolia both within and among
seed sources using 8.6M, 8.6J and 8.6H primers. The P. xhybrida cultivar 'Mercury'
showed inconsistencies within its population using the 8.6M and 8.6J primers. P. inflata

showed the greatest degree of variation between individuals, so it was used as the

representative species for all the bulking investigations. The 8.6J primer was used
because it identified the most variability between and within sources.

DNA Bulking

Since variable fingerprints were generated between individuals from different sources,
the DNA was bulked to avoid the variation between plants. Three different bulking

procedures were used: plant extraction bulks, plant amplification bulks, and plant tissue
bulks. First, the extracted tissue from the individuals was pooled together, amplified and

the fragments separated. In the amplification bulk procedure, each of the individual
extractions were amplified, the amplified products were pooled together, and separated.
Finally, plant tissue from the individuals was pooled togther, this bulked tissue extracted
and then amplified.

Polymorphisms were seen among the fingerprints of the five plant extraction bulks made
of equal quantities of extracted DNA of P. inflata from three different sources. There
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was a strong band absent just below 300 bp in bulk 4 and an absence of bands Just below
this strong band which was present in the other three 5 plant bulks (Fig. 12). Bulk 3 was
also lacking bands above the 200 bp which were present in bulks 1, 2, and 4 (Fig. 12).

Five proved not to be a sufficient number of plants to obtain consistent profiles within
the P. inflata population.

Next, ten individuals were tested in the same way. Two 10 plant extraction bulks were

made by combining equivalent dilutions of DNA from the individual extractions of ten
seedlings. DAF profiles of the two 10 plant extraction bulks were identical and contained

all bands present in each of the ten individual fingerprints. (Fig. 12).

When the amplification products were bulked, the same variation was produced in the
banding patterns between the four 5 plant amplification bulks (Fig. 13). Identical
banding patterns were found between the two 10 plant amplification bulks. These results
confirmed the monomorphic patterns produced between the ten bulked individual
extractions and that competition among DNA sequences from the amplification process
did not occur. The banding patterns in the five and ten plant extraction bulks were
identical to those in the corresponding amplification bulks. A combination of all the

bands present in each of the ten individual fingerprints of P. irtflata (Fig. 7) seemed to
be present in the ten plant amplification and extraction bulks.
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Fig. 12. DAF profiles of four 5 plant extraction bulks (lanes
1-4) and two 10 plant extraction bulks (lanes 5 and 6) made
from equal quantities of extracted DNA of P. inflata using
the primer 8.6J (GT ATC GCC). Arrow indicates polymorphism.
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Fig. 13. DAF profiles of four 5 plant amplification bulks
(lanes 1-4) and two 10 plant amplification bulks (lanes
5 and 6) of P. inflata using the primer 8.6J (GT ATC GCC).
Arrow indicates polymorphism.
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Profiles of the first three 5 plant leaf tissue bulks looked similar but bulk 4 was missing

double bands just below 200 and 300 bp (Fig. 14). The leaf tissue from the seedlings
in bulks 1 and 2 were combined and the pooled tissue extracted for a ten plant tissue
bulk. The leaf tissue from another ten plants, bulks 3 and 4, was prepared in the same

way. These bulked tissue samples containing ten individuals also produced identical
fingerprints (Fig. 14).

Ten was the number of individuals required to generate an average fingerprint pattern of

the genetic variation present within the population ofP. inflata. Two groups of ten plant
tissue bulks from each of the other four species were compared and identical banding

patterns were obtained (Fig. 15). Ten plant tissue bulks were also done on the ten
cultivars used in this study, 'Celebrity Chiffon', 'Coral Flash', Mercury , Pale Face ,

'Plum Crazy Madness','Prime Time Rose','Prime Time White', 'Purple Wave','Ultra
Pink', and 'Ultra White'. These DNA bulks were used in the phylogenetic analyses.

Phylogenetic Analysis

Ten pairs of gels were analyzed, each pair produced by amplifying with one of the ten

selected primers. Ten selected primers of varying GC content (see Table 3) generated
201 bands used for phylogenetic analysis of the five species and ten cultivars of P.

yJiybrida. Primer 8.7D was one of the primers used in the anaylsis (Fig. 16). All bands
were scored as presence vs. absence of the amplified fragments up to 400 bp (Appendix
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Fig, 14. DAF profiles of four 5 plant tissue bulks (lanes 1-4)
and two 10 plant tissue bulks (lanes 5 and 6) of P. inflata
using the primer 8.6J (GT ATC GCC). Arrow indicates
polymorphism.

65

5

1 A

6

^SSPtP?

7

|PWliii*<^

8

9 10

'"mm^m^m"'

bp
B

-1000

MlBK
-

- 500
■■^-»

- 200
m
m

m

■
a

iS

■*'

Fig. 15. Consistent DAF profiles of two 10 plant tissue bulks
of P. axillaris (lanes 1 and 2), P. parodii (lanes 3 and 4),
P. inflata Canes 5 and 6), P. integrifolia (lanes 7 and 8),
and P. violacea Canes 9 and 10) using the primer 8.6J (GT
ATC GCC).
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Fig. 16. DAF profiles using the primer 8.7D (CC GAG CTG)
of five species (lane 1- P. axillaris, lane 2- P. inflata,
lane 3- P. integrifolia, lane 4- P. parodii, lane 5- P.

violacea) and ten cultivars of P. k' hybrida (lane 6- 'Celebrity

Chiffon', lane 7- 'Coral Flash', lane 8- 'Mercury', lane 9'Pale Face', lane 10- 'Prime Time Rose', lane 11- 'Prime
Time White', lane 12- Purple Wave', lane 13- 'Plum Crazy
Madness', lane 14- 'Ultra Pink', lane 15- 'Ultra White')
scored for phylogenetic analysis.
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A). Indistinguishable bands were considered ambiguous and entered into the program

as a question mark (?). The number of scorable bands for each primer ranged from 14

for primers 8.6F and 8.7A to 26 bands for the primer 8.6D. The average number of
bands per primer was 20. One hundred forty-six (73%) of the 201 fragments scored
were polymorphic. These markers distinguished between each of the species and
cultivars.

The primers 8.6D and 8.6M produced the highest percentage of

polymorphisms between individuals (85% and 88%, respectively). The number of
monomorphic amplicons per primer ranged from three to nine.

A phylogenetic tree generated by the heuristic search, bootstrap method of PAUP using
the data from the ten octamer primers along with their assigned branch lengths are shown

in Fig. 17. The species, P. parodii, was grouped with the ten cultivars of P. xhybrida.
The three violet flowered species, P. inflata, P. violacea, and P. integrifolia were

grouped together. Divisions within the branch of cultivars followed their division by
flower color.

Pairwise marker differences were also calculated using the PAUP program are shown in

Table 7. The average marker difference was 62 among species and 44 between cultivars

of P. Xhybrida. The morphologically similar violet flowered species, P. inflata, P.
violacea, and P. integrifolia, had an average marker difference of 40.
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Fig. 17. Phylogenetic tree generated by the PAUP program
showing relationships between five species and ten
cultivars of petunia and their assigned branch lengths
using data from ten different primers.

69

Table 7. Pairwise marker difference matrix among five species of Petunia (1-5)
and ten cultivars of P. xhybrida (6-15).
Taxon
1 Axillaris

1 2 3 4 5 6 7 8 9 10 11 12 13 14
_

2 Inflata

62

3 Integifolia

68 40

4 Parodii

68 84 80

-

-

-

5 Violacea

58 45 34 82

6 Celebrity Chiffon

57 71 69 51 63

7 Coral Flash

58 59 61 65 59 35
57 59 59 53 55 38 39

8 Mercury
9 Pale Face

10 Prime Time Rose
11 Prime Time White

12 Purple Wave
13 Plum Crazy Madness
14 Ultra Pink

15 Ultra White

-

-

-

-

48 56 61 47 55 31 40 26
60 55 57 56 59 44 37 39 30
-

-

64 74 75 52 71 42 53 53 36 56 61 76 70 75 66 51 58 56 49 49 71 54 71 65 58 61 48 49 49 41 46 42 57 53 50 46 59 52 43 30 40 40 21 57 45 40 51 72 70 57 65 43 52 36 25 53 33 60 33 46
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CHAPTER 5

DISCUSSION

The relationships of the five Petunia species, P. axillaris, P. inflata, P. integrifolia, P.

parodii, and P. violacea, were investigated because earlier literature suggested that the
hybrid petunias were the progeny of a cross between P. axillaris and P. violacea (Bailey,
1901; Ferguson and Ottley, 1932), but the inconsistencies in the classification of the
other closely related species questioned this suggested ancestry. The species have been
the focus of various other taxonomic studies but with inconclusive results (Natarella and

Sink, 1974; Natarella and Sink, 1975; Bahadur et al., 1989; Shepherd et al., 1990).

Morphological traits have been the major taxonomic characteristics used to separate plant
taxa (Bailey, 1901; Ferguson and Ottley, 1932; Sink, 1984). Many morphological
differences were observed between the two white flowered species grown in this study,

P. parodii and P. axillaris. Petunia parodii had a longer corolla tube with smaller limbs
than P. axillaris. The throat of the flowers had deep purple veining which was absent
in the flowers of P. axillaris. The violet flowered species, P. inflata, P. violacea, and

P. integrifolia, showed indistinguishable characteristics both in flowering and growth
habit. They each had small violet colored flowers with short, slightly inflated corolla
tubes and darker violet coloring in the center of the flower. The group of violet flowered

species was easily distinguished from P. parodii and P. axillaris by flower color, smaller
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flower size, smaller leaves and the lower growing habit as opposed to the more upright

growth habit of the two white flowered species.

However, these distinguishing

characteristics carmot be used as unambiguous markers because they are subject to many

environmental influences and extensive observations of mature plants are required which
often lacks definition and objectivity (Yang and Quiros, 1993).

The ten different cultivars of P. xhybrida were chosen for the study because of their

different introductory dates, flower color and type. The cultivars 'Prime Time White',
'Prime Time Rose', 'Plum Crazy Madness', Ultra White', 'Ultra Pink', 'Coral Flash',

'Celebrity Chiffon', and 'Purple Wave' were newly developed commercial hybrids.
'Pale Face' was on the market before the prior eight and 'Mercury' was one of the oldest

cultivars to be developed (C. Hope, personal communication).

Various colors of

cultivars were selected as well as different colors within the same series of cultivars (i.e.

'Prime Time White' and 'Prime Time Rose', 'Ultra White' and 'Ultra Pink'). Cultivars

represented the various morphological characteristics that might influence the genetic
relationships within the genus.

'Purple Wave' was of particular interest since it was from an entirely new breeding line
of petunia (Rader, 1993); a unique breeding line whose immediate parents are not yet
known to seed companies in the United States. 'Purple Wave' was bred in Japan from

a vegetatively propagated male parent and a selfed seed line female parent (B.Corr,

personal communication). It is a vigorous, heat-resistant perennial that has a spreading
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growth habit and is morphologically similar to the violet flowered species.

Conditions used for amplification and separation of DNA fragments for the DAF

technique in petunia produced reproducible banding profiles. Optimum conditions were
similar to those utilized for DAF studies done with centipedegrass (Weaver, 1993).

Several octamer primers generated polymorphic loci.

Initial amplifications and

separations were performed in replicate to ensure that each primer used would generate
reproducible banding patterns. The use of several different primers amplified different
regions of the DNA and added to the information about the individual's genome.

Seventy-three percent (146) of the 201 loci amplified by ten octamer primers were

polymorphic. This number is comparable to the 92% frequency of RAPD bands

produced by thirty clones from different species of the Populus genus (Castiglione et al.,
1993). The narrow genetic base of celery cultivars showed only a 6.1% polymorphic

frequency of the 301 RAPD scored (Yang and Quiros, 1993). Of the total 221 bands
scored for centipedegrass, only 30 were polymorphic (Weaver, 1993). Investigations of
soybeans, G. soja and G. max, using DAF showed a frequency of polymorphisms

ranging from 0-17% per primer (Prabhu and Gresshoff, 1994). The highly variable

genome of petunia produced frequencies ranging from 61-88% per primer.
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Consistencies were found among DAF profiles of each of the Petunia species by bulking

extractions, amplifications, or tissue from ten different individuals, but not five

individuals. Only five individual plants were necessary for consistent RAPD banding

patterns for bulks of celery cultivars (Yang and Quiros, 1993). The consistencies found
between profiles of the bulked samples, demonstrates bulk assays are valuable for

studying populations instead of sampling several different individuals within the

population. Bulk sampling of different subpopulations would be desirable for locating
unique markers in the profiles. These unique products could be valuable for introducing
new or lost variation into breeding programs.

The gametophytically self-incompatible, P. inflata, P. violacea, P. integrifolia, and P.
xhybrida (Ascher, 1984) showed more genetic variation among and within seed sources
than the self-compatible species, P. parodii (Sink, 1975). These results agreed with
other studies associating increased variability with outcrossed species (Miller and

Tanksley, 1990). Petunia axillaris showed low levels of variability within its DAF

profiles and has both self-compatible and incompatible strains (L. Ewart, personal
communication). The high numbers of polymorphisms found between the species were

probably due to the highly variable heterozygous genome of petunia (Cornu, 1984).

The phylogenetic tree generated using DAF markers is the first molecular study able
separate P. axillaris from P. parodii and to distinguish between the violet flowered
species, P. inflata, P. violacea, and P. integrifolia. Other taxonomic studies using RFLP
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markers were unable to distinguish the white flowered species from each other nor the

violet flowered species from each other (Koes et al., 1987; Shepherd et al., 1990). The
conclusions of earlier morphological and chemotaxonomic studies (Natarella and Sink,

1974; Natarella and Sink, 1975, Sink, 1984; Bahadur et al., 1989) supported the
classification of P. axillaris and P. parodii as separate species.

The three violet flowered species, P. inflata, P. integrifolia, and P. violacea, were the

most similar morphologically and have resulted in considerable discrepancies in past
classifications (Ferguson and Ottley, 1932; Natarella and Sink, 1974; Sink, 1984;
Bahadur et al., 1989). The banding similarities shown by the low average marker

differences indicated this close relationship between the species. The phylogenetic tree

generated using parsimony separated the three pink flowered species and supported the
views of Bahadur et al., (1989) based on seed microcharacters. The taxonomic key of

Fries (Sink, 1984) and studies done on phenolic extracts of petunia (Natarella and Sink,

1974) separated P. inflata from P. violacea. The species P. integrifolia was not referred
to in previous studies.

Branch lengths of the phylogenetic tree indicated the relationships among the taxa. Taxa

grouped together at short branch lengths are believed to be more closely related than
those which are joined by a greater branch length. The tree generated by the PAUP

program had all the cultivars of P. xhybrida included in one large group. Petunia
parodii was branched in the same cluster with the P. xhybrida cultivars 'Prime Time
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White', 'Plum Crazy Madness', and 'Ultra White' but separated from the other species.
This implied that P. parodii made a major contribution in the development of P.
xhybrida.

Studies done by Sink (1975) on the inheritance of independently inherited genes for

morphological characters found locus similarities between P. parodii and P. xhybrida and
electrophoretic analysis of proteins and peroxidases found close relationships between P.
parodii and P. xhybrida (Natarella and Sink, 1975).

The phylogenetic tree also indicated that a major contribution of P. violacea and P.

integrifolia should be expected. P. inflata is not compatible with P. parodii, so it is not
believed to be one of the contributors to the development of P. xhybrida. In past

studies, P. axillaris, P. inflata, P. violacea, and P.parodii all intercrossed with breeding

lines and cultivars of P. xhybrida (Sink, 1975). Interspecific crosses were successful

with the exception of the P. inflata hybridization with P. parodii using standard

pollination techniques (Sink et al., 1978). Small amounts of seed were produced by bud
pollination of P. parodii but the reciprocal cross failed (Sink et al, 1978). The
production of F, offspring, which easily crossed with each of the parental species,

suggested a high degree of genetic homology between the species and that a minor

portion of the genetic composition of petunias was responsible for the reproductive
separation of the species (Sink, 1975).
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The date of introduction of the cultivars seemed to have little influence on their position

in the phylogenetic tree relative to the wild species. This may indicate that many of
these cultivars have other hybrid petunias as ancestors. 'Mercury' was in the center of
the tree but was branched together with the other less recently developed cultivar, 'Pale

Face'. Flower type (i.e. grandiflora, multiflora, and floribunda), which is controlled

by a single pair of alleles G and g (Ewart, 1984), also seemed to have little affect. This
is probably due to the low number of amplifiable sites within the gene.

Divisions within the branch of cultivars were by color. Of the 100 genes known in

petunia, 32 are known to influence flower color either by regulating the pH of the corolla
tube, deciding venation patterns of the corolla tube, or synthesizing flavonoids in the
flower (Cornu, 1984). This was mirrored by the strong possibility that multiple sites
within these genes were amplified using the primer set. The cultivars 'Prime Time
White' and 'Prime Time Rose' as well as 'Ultra White' and 'Ultra Pink' were grouped

according to color not by cultivar series.

The white flowered cultivars, 'Prime Time White' and 'Ultra White' were branched with

P. parodii along with 'Plum Crazy Madness'. The light violet petal color of the latter
cultivar had dark veining, similar to the veining present in the throat of the flowers of

P. parodii. The lower branch of the tree was comprised of a group of cultivars whose
flowers' exhibited shades of pink and rose. 'Mercury', a cultivar with a blue colored
flower was positioned between the white and rose-pink groups.
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The violet flowers of'Purple Wave' were similar to those of P. inflata, P. violacea, and

P. integrifolia. The genetic differences in 'Purple Wave' were demonstrated by the
larger pairwise marker difference from P. parodii and the longer branch length than
other cultivars in the phylogram.

Evaluation of additional wild Petunia species would provide a more detailed phylogram

tree and description of genetic distances between taxa. The broader observation of the
Petunia genus may identify other closely related wild species. Unique markers found in
the wild species could be of value in future genetic improvement programs. The results
demonstrated the utility of DAF for establishing relationships among closely related
species and cultivars of petunia as well as its potential use in other floriculture crops.
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PAUP ANALYSIS DATA
Banding patterns generated from ten different octamer primers were scored as present
(1), absent(0), or ambiguous (?) for each of the five species and ten cultivars of petunia.
The numbers on the left side of the data correspond to the petunia taxa (1- P. axillaris,

2- P. inflata, 3- P. integrifolia, 4- P. parodii, 5- P. violacea, 6- 'Celebrity Chiffon', 7-

'Coral Flash', 8- 'Mercury', 9- 'Pale Face', 10- 'Prime Time Rose', 11- Prime Time
White', 12- 'Purple Wave', 13- 'Plum Crazy Madness', 14- 'Ultra Pink', 15- 'Ultra
White'.

85

Character

taxa
1
2
3
4

8.6 a
0000110011010011
0000110011111111
0000110011111011
0011110011011011

8.6i
0001111111000011111001
0000111010101111111001
0000111110110111011011
1101100110001011011101

5
6
7
8
9
10
11
12
13
14
15

1100110011110011
1011110011010111
1010110011010111
1110110011111111
1111111111110111
1011111111110111
1011110011010110
1111110011010111
1011111011010110
1011110111110111
1011110011010110

0000111010010111111001
0001110111001011111101
0001110011001011111101
0001111110001111111101
0001111111001111111101
0001111111001011111101
0000100000001111011111
0001111111001011011111
0010111110001011111001
0011111110101011111101
0011111110001111111011

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

11000101010111111111
11111111011111110111
11101111010101110111
11000101110011101001
11101111011111110111
11101101111011101111
11101111111111111111
11101101111011110111
11101101111111110111
11101101111111110111
11000101111011101111
11100100111111111111
11000100111011111111
11101101111111111111
11001101111111101111

1

10100001111111111

2

10011111001111110

8.6m

8.7d

8.6j
3

10111011001111110

4

11111111111100110

5

10111011001111110

6

10101111101111111

7
8
9
10
11
12
13
14
15

10001101001110177
10101111111111111
10101111111111111
10111111001110111
10101111111111111
00111011001110111
10101111101110111
00001101001110110
10101111111111111

8 6f

00110111111101
00100110101101
10100110111101
11111101111111
00100010110101
10111111110011
10101101111111
10111101111111
10111111110111
10100101101111
10111110100111
10110101100111
10110111111111
10100101101101
10111111111111

011010110111101000001111
010111110101100000111700
111111110101100100110101
000110110101010110000111
111010110101101010101010
000111111000001110110111
000111111101101111110101
011111111111111111110111
000111111101101110111171
000111110101111110111001
000111110101000110111101
111010111011101111111011
010111110101000110100011
777777777777777777777777

oiol11iiill1iiiiloiioii7
8.6d

01101111111110000110011011
01001110110001000010101011

11001110100001101110101011
11111000110110011110001011
11101110000001011110101011
01101101100111001111001011
01100100101111000110101011
01111000100111001110101011
11111000110111001110011011
01101100111111001110001011
11101000000110111111011011
01101101111001101010001101
11100100001110111110011011
01100100111111101110101011
11101000000111111010011011
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1
2
3
4
5
6
7
8
9

8.6h
1111101110101001011110011
1001111101001111010110101
1001100110110111101111111
1001100101010001010100111
1001100110100001110111111
1011101110010001010100111
1011101110100001111100101
1001100110000001011100111
?????????????????????????

11
12
13
14
15

1111101100101001011100111
1010101110011011001111111
1011100110101011101100111
1111100110110011011101111
1111100110101001011101111

10

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

ViiiiooVodiiobiidi i ibbi11

8.9a
0111011111111111111111
0111100110101101111111
0110100000101101111111
0110010011110011111111
0110111010101101111111
0110011010111101111111
0110101011110101111111
0110111110110101111111
0111011010110011111011
0110110001100101111111
0110011010110001111011
1110011111100101111111
0110111110100111111111
0110100000100100111111
0111011110110011111011

8.7a
01011101111111
01111101111111
01111101110011
01011111011001
01111101110011
01011101010011
01011101100011
01111111111111
01011011111???
01111111111???
11011101101???
01011011010???
01011001111???
01011101111???
01011001111???
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